A distance measurement method for estimating density,] herbage production, and ground cover, was tested in 1960 and 1961 at the U.S. Sheep Experiment Station, Dubois, Idaho. In most grazing studies at the Sheep Station in the past, the sagebrush-grass range has been sampled by the weight estimate method (Pechanec and Pickford, 1937 ) on plots either 96 or 100 square feet in area. Reliable estimates of production can be obtained by this method if reasonably accurate estimates of herbage weight are made on all plots. However, this accuracy is not always attained because:
(1) weights are difficult to estimate accurately on such large plots, especially in thick vegetation in swales and similar areas, and (2) temporary field assistants often lack the training and experience necessary to estimate weights accurately.
When herbage weight is the only data available, evaluation of changes in vegetation due to grazing treatment is often difficult because weather causes rather large fluctuations in production from year to year. These fluctuations are especially pronounced for two of the highest producing species in the area, threetip sagebrush (Artemisia tripartita Rydb.) and arrowleaf balsamroot (Ba2santorhiza sagittata (Pursh) Nutt.) . In addition to estimates of production, estimates of density and ground cover of these and other species would be helpful for evaluating ecological change. Information on amount of ground covered by plants and litter is also quite 'important from a soil protection and watershed standpoint.
Numerous techniques have been devised in recent years for estimating plant density by measuring distance from a point to a plant or from one plant to another. These methods have been summarized by Cottam and Curtis (1956) ) Pielou (1959) 206 (1961) ) and Strickler and Stearns (1963) .
The distance measurement technique used in the present study is essentially the same as the angle-order method described by Morisita (1957) Plots.-On the 9.6-and 96-square-foot plots, green herbage weight of each species was estimated in grams and later converted to air-dry pounds of herbage per acre. On these plots, counts were also made of individual plants of the three major species: bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. and Smith), arrowleaf balsamroot, and threetip sagebrush. These counts were converted to number of plants per acre.
Line Intercept.-The line intercept method used was similar to the one described by Parker and Savage (1944) .
A lo-meter line was stretched above the shrub canopy, and the intercept of the canopy of each shrub was measured to the nearest centimeter.
Shrub canopies having spaces no greater than 10 cm between the branches were considered to represent solid foliage cover.
When spaces between branches were greater than 10 cm, shrub canopy size was determined by adding the measurement for the individual branches. Because the shrubs in the study area were only 12 to 18 inches tall, stretching the line above the canopy was relatively simple.
After the shrub intercept was recorded, the line was lowered as close to the ground as possible and intercepts of the basal portions of grasses and forbs were measured. Portions of plants 1 cm or less in width were measured to the nearest millimeter; larger intercepts were measured to the nearest centimeter.
Often the presence of shrubs made it impossible to lower the line to ground level. When this occurred, a plumb bob was used to facilitate the reading of the basal intercepts.
Intercepts were expressed as a percentage of the total length of the intercept lines.
Angle-Order.-In the angle-order method, a wire frame divided into four quadrants was centered at each sample point and used as a guide for sampling ( Figure 1 ). In each quadrant, distances were measured from the sample point to the third nearest plant of each species or group of species as follows:
( 1) bluebunch wheatgrass, (2) other grasses, (3) arrowleaf balsamroot, (4) other forbs, (5) threetip sagebrush, and (6) other shrubs.
Measurements were made to the center of individual grass and forb plants at ground level. For shrubs, measurements were made to the point where the main stem emerged from the ground, regardless of the position of the canopy. Distances 10 feet or less were measured to the nearest onetenth foot and those greater than 10 feet were measured to the nearest foot. If the third nearest plant of any species was not found within 100 feet of the point, the distance was arbitrarily recorded as 100 feet. This FIGURE 1. Diagram of wire frame used in the angle-order method, showing the distance measurements to the third nearest plant of one species in each quadrant.
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procedure introduces a bias that will be discussed later.
The distance measurements were converted to plant density in each category using formulas given by Morisita (1957) : In the present study, n = 3 (third nearest plant) and k = 4 (four quadrants at each point). These formulas give unbiased estimates of density for random, aggregated, or uniform populations if n 2 3 and k k 4 (Morisita, 1957).
In the first quadrant sampled at each point (Figure 1) , the following data were recorded for each plant to which distance measurements were made: green weight of herbage in grams (later converted to airdry weight), average basal diameter of grasses and forbs, and average crown diameter of shrubs. Average dry weight per plant multiplied by number of plants per acre gave an estimate of production per acre for each species or group. Average crown or basal area times number of plants per acre gave an estimate of total plant area per acre, which was converted to percentage of ground covered.
These procedures for obtaining production and ground cover are a modification of Morisita's angle-order method for estimating density. than those obtained by the other methods. Because the three methods were used on different days, comparison of counts in the 96-and 9.6-square-foot plots was not made in the field. The apparent bias on the large plots was not discovered until the data were summarized.
Herbage Production.-Herbage production estimates from the modified angle-order method generally were higher than those from the weight estimate plots ( Table 2 ). The angle-order estimates for bluebunch wheatgrass, LAYCOCK "other grasses," and "other forbs" were two to five times higher than the estimates from the plots. The angle-order density estimates for these plants may be inaccurate because distinguishing individual plants was difficult.
However, many plants in this category were quite small and their weights could have been overestimated. For example, a lower density estimate for bluebunch wheatgrass was obtained by the angle-order method than by the 9.6-squarefoot plots in area 1. However, production from the modified angle-order method was almost twice as high as that from the 9.6-square-foot plots. This indicates that:
(1) the weight estimates for this species were faulty in one of the methods, either too low on the 9.6-square-foot plots or too high for the individual plants in the modified angleorder method; or (2) the number of individual plant weights obtained in the modified angleorder method was too small to accurately determine mean plant weight.
It is believed that most of the errors were in the application of the modified angle-order method.
Ground Cover. -The estimates of total ground cover from the two methods were similar in area 1 (Table 2 ). In area 2, the modified angle-order method indicated considerably higher ground cover than the line intercept method. The percentage of ground cover of the different classes of plants generally was similar for the two methods. The greatest discrepancy was for "other shrubs" in area 2 where the estimate from the modified angle-order method was almost double that from the intercept method.
Sampling Efficiency
Density.-To compute coefficients of variation, each point, plot, or line was considered a sampling unit. The coefficients of variation for density from the 96-square-foot plots were lower than those from the 9.6-squarefoot plots for all species and lower than those from the angleorder method for wheatgrass and sagebrush in both areas (Table  3 ). The coefficients of var,iation from the angle-order method were equal to or less than those from the 9.6-square-foot plots except for bluebunch wheatgrass in area 1.
The columns showing "number of plants sampled" indicate the actual number counted in plots and the number considered in the angle-order measurements. In the angle-order method, distance measurements were made to the third nearest plant of each species in each quadrant. Therefore, three plants of each species were sampled in each quadrant ADAPTATION OF DISTANCE MEASUREMENTS 209 Table 3 . Comparison of sampling precision of density estimates for the angle-order method and for 9.6-and 96-square-foot plots, areas 1 and 2. 1 Number of plants included in the angle-order distance measurements and counted in the 9.6-and 96-square-foot plots.
"Number of points or plots needed to sample within 2 0 percent of the population mean at the 95 percent level of confidence: and 12 plants were sampled at each point. The number of balsamroot plants sampled by the angleorder method in area 1 may be somewhat misleading. Theoretically, 360 plants were sampled, but the exact number cannot actually be determined because the third plant was beyond 100 feet in almost one-fourth of the quadrants.
Thus the density estimate and the coefficient of variation from the angle-order method may be incorrect.
However, because balsamroot was so widely dispersed, the density estimates from the other methods may not be very accurate either. Only one balsamroot plant occurred on the twenty 9.6-squarefoot plots, and a total of seven plants occurred in the ten 96-square-foot plots in area 1. The coefficients of variation for these methods were higher than for the angle-order method (Table 3 ).
The number of plants sampled has considerable influence on statistical variation. Note that the method which recorded the fewest plants has the highest coefficient of variation for all species except wheatgrass in area 1 (Table 3) .
Weight and Ground Cover.-In the angle-order method, the density of each species at each point was multiplied by weight or area of the appropriate plant to obtain herbage production or ground cover per unit area at that point. The area totals obtained in this manner differ slightly from those presented in Table 2 . The point totals were used to compute coefficients of variation for each area. The number of points required to sample weight and cover within 20 percent of the population mean at the 95 percent confidence level was computed using the formula given in Table 3 .
The modified angle-order method required more samples (points) to obtain this precision than did the 9.6-or 96-squarefoot plots for all plants and groups except balsamroot and "other shrubs" in both areas and sagebrush in area 2 (Table   4) .
The modified angle-order method also required more samples than the line intercept method for all species except balsamroot.
Resampling in 1961
Areas 1 and 2 and the three adjoining pastures were resampled in June 1961, using a combination of methods based on the results of the 1960 sampling.
Density of balsamroot, sagebrush, "other large shrubs," and "other small shrubs" was measured by 10 angle-order points in each area. To reduce the variance, "other shrubs" were split into two groups. Diameter and weight were recorded for every plant to which Estimates of production of grasses and forbs other than balsamroot were obtained by clipping ten 9.6-square-foot plots in each area. Since climatic conditions and herbage production were quite different in the 2 years, only density figures will be compared.
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The density estimates obtained in 1961 generally were similar to those obtained in 1960 for both balsamroot and sagebrush in all areas (Table 5 ). However, the data for "other shrubs" generally were more variable and will not be presented here. Sampling groups of species with the angle-order method does not appear to give satisfactory results, even if similar species are grouped together.
Discussion

Weight
Estimates. -Weight estimates on 9.6-square-foot plots were considerably easier to make than those on the 96-square-foot plots. Moreover, estimates on the smaller plots were considered to be more accurate than those on the large plots because all of the 9,620 12,760 Past. 14 6,320 5,500 11,750 13,460
1 Areas 1 and 2 were in different locations within the same pasture.
foliage on a small plot can be seen at one time and estimated weights can be confirmed readily by clipping and weighing (Frischknecht and Plummer, 1949) . However, more 9.6-squarefoot plots are required to sample the vegetation at a given precision.
Line Intercept.-In the line intercept method, intercept readings of the shrub canopy were easy to make and had a relatively low coefficient of variation, This would be a quick and easy method for estimating shrub cover in sagebrush-grass or any vegetation type containing relatively small shrubs. However, measuring intercept of the herbaceous vegetation was rather tedious and time consuming because the line could not always be lowered close enough to the ground to permit accurate observations.
Angle-Order Method-From the results of the present study it appears that the angle-order method may permit accurate estimation of density, production, and ground cover if the conditions and procedures listed below are met:
1. 
